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PROCEDE ET INSTALLATION DE FORAGE ET DE CHE MI SAGE D'UN 
PUTTS, NOTAMMENT DTFN PUTTS DE FORAGE PETROL I ER, AU 
MOYEN DE TRONCONS TUBULAIRES ABOUTES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

La presents in venuon concern un prootte pourforeretcbetmseruifwits, 
noCaznmcat un puits <k forage p&rotier, an moyen d'un ensemble de tronooos tubuUircs 

- ou pr*Y brines - amilaim. imualement soupks, aptes a ctrc repliecs loagitodinaleincpt 
sur dles-memes pour tor introduces dam le puits, puis a tat devices rajfialemeM aoos 

5 reflet d'une presatoo interne pour prendre uoe fonne cylindriquc. et enfin a etrr 
rigwfifieca ja situ par polymeraatton de lew paroi, reaoombremcnt transversal d'une 
prcYormc repUee tent de dimension maximal* sensiblement infeneure I ion diametrc 
interne a Vita deplie\ el lesdtfe* preTonnes possenant uoe portion d'extretnite* dont le 
diametre * apres depliement • est legeremcat superieur a oclui de la preTorme, ce qui 

10 pennet leur jonction bont-a-bout par emboTtement. avee reeouvrement de ladite portioo 
d'extremit* 

Ainsi, en recourant a ce type de preTocrae. qui est oonnue en soi 

- notammeat par le document WOA-94/21887 - il eat possible d'obtenir un cfacmisagc 
d'tmtfan^ccwnuitsurtott^ 

15 A eel cgardL U convientde rappeJer qu'avec de* chemisages (ou tubages) 

tradtttonncls coastitues par dee tubes en acier, on eat oblige d'utiliser dea troncons 
tubuUircs idescopiques> ciainetre 

dea prodemcs d'instalratson et d'exptoitation uliefieure du puits. 

L'objectif de I 'invention est de proposer un proc&te de forage et de 
20 chetnisage du puits, a t'side de preTonnes du type meauonnd ci-dessus, qui puisse fetre 
mis en oeuvre de raaniere simple et rapide, i faiMe coflL 

Ftoor cela, et confonne*meni a I 'invention, on commence par mcttre en 
place un premier troncoo,du 
tronoon tent tournee vers le baa. 
25 Le proc6d6aek» 1 'invention compreud ks empes suivantea : 

a) on fait passer axtalement, de haut en bas, * travers ledit tronoon, un 
ounl de forage, et on fore au~dessous et dans te pratocgemect de ce tronoon un trou de 
forme etde profondeur adaptecs pour rccevoir le tronoon suivant ; 

b) oo retire l'oittflde forage ; 

30 c) on mtroduit une preTorme, a 1'etat replie\ a l'inteneur du pints en la 

faisant traverser le tronoon dejaen place, et on la positionne coovenabJcment a rinteneur 
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du trou, a portion d'extremit* haute venant se placer a rintencur dc U portion dcx- 
tremiid elaigic du troocon ; 

d) on introdiril un dment fluide au rood du trou, autour de U portion 

d'extremite* basse de la preTonnc ; 
5 e) no introdmt un fluide sous pression, de density supcncure a la density 

du dment, a rinterieur de la preTorme afin de U deptier radialement, progressrvement de 
bas en haul, en ref oulaat le dmem, egalemeot de bas en baut, autour de la preTorme, 

contre la paroi du trou ; 

0 tout en maiojenant la preTorme sous pression interne, on en chaufle la 

10 paroi pour U pdyroerocr ; 

g) le dmenl ayaat pris, et la preTorme ayant durci pour coostituer un 
troncon tubulaire ri gide de cncmisage, on retire axialemcni les outiUages event servi au 
gonflage et a la polymerisation de la prtTorrac, ainti qu** la diitributioo du dment ; 

b) on reltere reparation pour les troncons suivants, jusqu'i obtenir la 
15 longueur de puitschemis6 souhaitfe. 

Lorsque, comme cela seta expiique* plus loin, la preTorme presente des 
reserves de reane aptes a migrer vers rexteneur pour former des venous annulaires 
d*6anchdte\ le posiuonnemeni de oes venous est realise* an dAxitde i'Aape f d-dessua. 

Dc manure partculiercmcnt avantagcuse, on utiliie un outil de forage da 
20 geme trepan, apte a occupersaecti 

premier etai d'encombrcment minimal, tut penncaantde passer a rinleneardu boopon 

deja en place, unaecowU^ 

princtpale du trou et un troisieme I tat, d'encombremcnt maxima] , pour le forage de la 
parte Aitrouc^neeare<xvc*rUportoo elargie del a preTorme. 

25 Daxaunr^dc realisation 

a ta polymerisation de la preTorme, ainst qu'S la distribution du dment, comprend une fee 
a double valve placee en parte basse de la preTorme, et ante a dislribuer selectivemeat un 
fluide de goofU^ al'ialerieur de UpreTornKctunciinant fluide a 1^ 

[/installation de forage et de chemisage, qui fait egaJement partie de la 

30 prtote invention, servartkUmisew 
qu'dle comprend, en tfce de puts : 

- une bobine de stockage et de reception, a Tetat enroule\ de ladite 

preTorme ; 

- une tftte surplombant P entree du puiu, ante a pennettre le guidage et 
35 I' introduction, dans le puitt, deU preTorme et des different! ouuTlages servant au forage 

du puiis ainsi qu'au gonflage et a la pdyinerisaaondnUpreTcnne; 
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- des bobincs <k dockage i I 'esat enrouW de tubes mtoJUques elastique- 
raartdcTonnabloap^ 

de cbs tubes co a tenant uo dWe servant a r alimentation de Is preform e en courant 
dectrique; 

- uo generateur de courant ekctrique, 

D'autres caiactensliquca et avantages de ''invention apparattront de la 
description et des detains annexes qui en lepresentens, a simple litre d'excmples non 
lixoitadf i un mode de mise en oeuvre preTc*re\ ai nsi que 1 'installation corTcnpoodante* 

Sur ces desains : 

• les figures 1 a 4 font des vues scfaematiques, en coupe axiale, montrant 
les difTerentes Stapes de rooeranon de forage de la partie de poits qui doit lecevoir la 
preforrne; 

- la figure 5 est unc rue tcfaemaaque d'une priforrne et de I'oatfllage dont 
elle est solidaire, avant mise en place, dans Ke puits ; 

- les figures 6 et 7 sent des vues partieUcs de I'extrexnite' basse de la 
preTonne, destinees ft illuttrer le principe de la double valve dont est pourvue U tele 
d'araJlage; 

• les figures 8 1 15 illustrent les difTcremes etapes de mise en place d'une 
prtH-orroe»ubomd'untroo9on<^>ai»pUoc; 

- la figure 16 represente sebemano^ement, en coupe axiale. on puits 
chemise' par trois troncoos coaxiaux aboutes ; 

- la figure 17 est unc vue schematique montrant les different* matenels 
consntubfs de P installation, situes en surface (trie de puits) ; 

-les figures 18a30-aechelle plus petile - illustrent \t foocUocnement de 
TmslaUancsi an coun des cliTem 

La figure 1 represente rextremit* basse d un puits vertical en cours de 
forage et de chemisage. Ce puits, incompftetement fore*, comporte un cnemisage deja en 
place sous forme d'un tube cylindhque rigkJe 2 presentaot une portion d'extremite* basse 
20elargie. 

U diarnetrc D de cetle partie 20 est tegerecratplusgrariqtiefedian^ 
d de la partie prindpale 2,sibico qu'U est possible d'embotter les uns dans les autres des 
troncoos 2, avec fecouvrcment des parties d'extremite* 20. 

Le troncon decbemissuje 2 est sc^ 

que 200. 

Nous aliens maintenant decrire de quelle maniere va tee mis en place, ft 
1* aide du proced£ de 1 'invention, le troncon suivant, destine a etre aboute* an troncon 2. 
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Pour cda. comme illustre* aux figures I a 4, oo commence par forer un 
tiuu destined rccevoirce trcrtcan. 

A cet elTci on utilise un outil de forage 1, du genre trepan, qui a la 
particularity de pouvoir etre rftracU ou dilate* radialcmcnt, dans trots tuts d'encom- 
5 bcemeotduTerents. 

Dans un premier tat. illustre a la figure 1, Poutil est retract au maximum 
de idle rnaruere que sa plus grande diraensioo transversale autorise son libce passage a 
1 'inteneur du troocoo 2. axialement a traven cdui-cL 

Dm cet eat, son enccobrcment est ooocpitts petit que d. 
10 De mamere coonue, rootil de forage 1 est fixe* a 1 •extremity d'une age 

mbalaire 10, qui parte le mcicurd'eatraftKrnemCnon represented de r outil en rotation, et 
tes organes assurant son denotement ou sa contraction radlak. 

Comme on le vena plus loin, (a dge 10 est montee a I'extremite* d'on tube 
mltallique apte k etre enroule* sur un tambour recepteur dispose* en surface, en tete de 
15 puits. 

Dans un second flat de denotement radial, illustre a la figure 2, U parte 
coopante 1 2 tic PouUl poesede uc dum&rc dc travail senaibUroent *gal a D. 

L'outil ayant ft* descendu axii i e m en t dans le puits, a travers le cubage 2 
deja en place, on provoque ce deploiement radial au cfiametre D lorsqu tl est arrive a 
20 l'inieneurdeuipcftione^ 

varUsadesoente comme iUu^ 1. 

Oo realise atosi lc forage d'un trou cytiodriquc so diaraetre D, coaxial au 

troocesi 2, dm k r^kmgen^ 

U profoodeur de forage conespood a U longueur du troocon que Poo 

25 wuhaite meore en place, 

L'outil t possede des organes de coupe additionnels U qui peuvent etre 
depioyes radialement a un diameSre superieur a D, afin de pouvoir recevoir la portion 
tfUrgfe du troncon a roettre en place. 

Comme illustre a la figure 3. par lemontee de l'outil selon P 3 , on realise 
30 trimi im els rgr~"»-* 3 eiirune certainc hauteur. 

A la fi gure 4 on a design* par la reTerence 30 la paroidelape^eprindpale 
du trou 3 . par la reference 3 1 la paroi<ksapcrti«ielargieetpw 
basse du trou. dont le diametre D est lenient que cduideU parte 30. 
UipieTcCTie 4 represented 
35 general que cdlc deoite en detail dans lc WO-A-94/21B87 deja cite. 
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Neaiimcim.dleestdepoum^ 
gouflable, du fait qu'on a affaire aim trou borgnc ;de plus. U preTonne 4 possede une 
portion d'extr6ni^ basse 40 dc section dargie. 

La preTonne 4 est supportec par une b ge tabulaire 5 en aricr. enroulable 
5 stir un tambour de atoefcage 11111* en luriace. el qui pennct dc la faire dcsccodrc a 
rinterieur du puits, et de hii fournir les fluides de timentanon et de gonflage, aios que 
I'energtc eTectrique pour la poiymerismuoo de la preTonne, par I'iiiteraeViiaire d'uo 
dtspoeitif de raccordemeiit 500 rtiU a un cooduit central (mxtal) 50 dispel a rmtencur dc 
la preTonne et se {accordant en partie basse de cdle^Uimetetede distributes 51. 
10 Cc type dc tip d'scier enroulable est coarammeotdesig&tedacslemeltier 

par Ic terme anglais •'COILED TUBING* -en abregd "CT" *. 

Comme cda est decrit dans le WOA-94/21887 deja ctte\ la pceTorme est 
rtxnree a sea extremites haute ci basse dc maaicre ettnebe, par des m ai Kh ons arracna- 
bias ci/ou decoupabtea en fin d'op&alkn. 
IS La tftte distributrice 51 possede une double valve 52, 53, actionoabie 

aelecft vernent (depuis la surface). 

Comme illustre* aux figures 6 et 7, la valve 52 pennet de disthbuer un 
flukfcdcgofrflageiriateneura^ 
distnlwer un cimeat ntikk 
20 Comme illuitrf a la figure 8, la preTonne 4 - qui se trouve uuualemcni a 

V6m radialcment rtplic* - est desceadue dans Ic trou 3 axialement, duhant vets le bas, a 
traveri k croncon de chemisage 2 deja en place. 

Bien entendu, pour que coci soil possible, U cat neccsssirc que Pericorn- 
brement transversal delapreTorroe le^eesoitinreneurssidtanietrem 
25 device, qui coriesp^ 

Lorequc la preTonne est reptiee sur eUe-mtae* elle presente unc section en 
W IT ou en forme d'escargot - comme Ulustrt par example am figures 6A et 6B, 
respecti vement du document WO-A-94/25655 ; loraqu'eito est depUee eUe presente une 
section drcufadre. 
30 Uprtfcame4estpoamocu^dans 

d'extsemite* plus large 40 se trouve en regard dcr£bigissementdcpuits31 ; la longueur 
du trou 3 est determine* pour que. dans cede position, la portion supencure de la 
preTonne sc uouve en regard dc I 'dargiasancnt 20 du tubagc dCja en place. 
Onprocedealmirmjecn^ 
35 preTormc. via la valve 53 ((leches J, figure 9). 

Le cuncnt est choisi pour avoir une densite* votsine - voire legercment 
supencurc - dc celle dc U boue liquide 7 sc trouvant dans le puits. 
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L'arrivee de ctnent I la base de la preTarme chasse done eette boue vers le 

hauL 

Cora me illustre* a la figure 10. on precede enstrite au gonflagc dc la 
preTonne. cn injectant un fiuidc sous pression k I'inteneur de celled, vU la valve 52 
5 (fleetest). 

fl s'agit soil d'ua liquide introduit de 1 Vxteneur (depuii la t*e de puns) 
par le conduit 5 dans la preTorme, soit d'un liquide (eau, boue ou petiole) present daas le 
puits et pomp* dana la preTorrne, 

Uu<niidedegonnageestavM^ 
10 t^gerenKntsuperieureacdtea^ 

goofUge va ae faire progreaatvement du has ven le haut, comae symbolic par lea 
(leches Gala figure ia 

A deTaut. la progression du gonflage du bas ven le haul peul toe contrOlec 
eu prfvoyam. le long de U preTonne. une sene de bngues de contention frangible*, dont 
15 le seuil de rupture est adapt* k ce sens de progression. 

Le riment est par consequent refoule <galeraent de bas en haut contre la 
parol du puits, commc symbolist par la fleche H. tandis que la boue 7 se trouve chassee 
vers le haut 

De preference le volume de ciroent peripnenque n'est pas suflisant pour 
20 atteindreUjwtie haute deUprtf liaison sans ciinent dans 

la zone de joncUon entre les portions dVxtremt* des deux troncons 2 et 4 (voir figure 

ID- 

I>preTenmc*,UpreTora^ 
chaud, prise en sandwich entre une peau inteneure et une peau cxteneurc Oastiques, et 
25 munie, cote* intfrieur, d'une reserve contenaot de la resane aptc a migrer vera 1'extencur 
pour former des bourretets annulaires favorisant I'ancrage et VtouKbtte du tubage contre 
la paroi dupuits, 

Une preTonne dc ce genre est dtoite dans la demands dc brevet f rancaia 
04 06691 deposce le 7 juilkt 1994 par la deinanderease, et dans son extension interna- 
30 tionalePCT/FR 93/00902. 

Cea vcrrous annulaires, repartis loutle long de la preTonne soot reTerences 
9 ; de preTerence 11 est prevu une density plus grande de venous (c^est-a-dire un 
ecarteinentriusfwbtee 

maniere k assurer une bonne *ancheitc dans la liaison bout- ft- bout des different! 
35 trencpns. 

Le duuuTage et la polymerisation de la preTonne sont realises une fois le 
gonfiage terminc*, la pression de gonflage extant maintenue a Vinii rieurde la ra^fortne. 
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A titrc iodicauT, U presaoc interne est de rordrtdc I5ban. 

U chauflage de U prtYormc peut sc fair* soil en inuoduisaiit un fluide 
chaud a I 'mteneur de la preTorme, frit par fraction dumique cxothcnnkiue, soit encore - 
de preTerence - par eflet Joule, tu moyen de ie»atances Clcctriques (fill chaufTants) 
5 dispoeecs dans la paid de la prtfenne cm a proximite* de cdlc-ci, ct alimentegs en couranl 
Oectrique depots la ttm de pints, via In age - -Coiled Tubing* -i 

A titrc iaficaiif. U temperature aficeasaire a La polymerisation en dc rordre 
de 110a 140*C, ct la durtc de ccOc tope e* dc rordre dc rix a huit heures, 

Lorsque U pdymerisahon des venom 9 ct de U parol de prtfenne est 
10 tennioee, et que le ciment 6 a fait sa prise (figure 12), on retire l'outillage SDO, SO, 51 
(fleet* K, figure 13). 

On installe alora un oudl dc coupe (501) a l'extrfmite 4 du tube 5 9 et on 
decoupe le manchon d'euuicnctte' de I extremite* haute de la preTorrnc (potymenaee) 4* 
(figure 14), qu'on arracfre ensuttr. On opera de la raeme maniere pour le manchon 
15 inTeneur. 

On obtientelors un tioncpn de cnernisag* rigide 4* qui prolonge coaxiale- 
mem le cubage precedent 2 (voir figure 15). 

L'operation qui vient d'etre decrite est Wen sOr rtilerfc, troucon aprea 
troo^on, afiu d'obwur U proTanocur dc puits cfecniu* wuhaitcc. 
20 Dans un mode de realisation passible de la pfeTorme, oeUc-ci a une Ime 

composee a 30% de resine epoxy et a 70% de flbrea de vcrrc, ceoe ime ayant une 
epelsseur de l'osdre de 14mn ; let pcaux kntcneure ct exteneure, en caoutchouc 
synthftiquc, cnt respectivement une e^aisseurde 2mm e«de 6mm environ. 

A titrc indicatif, la portion principale de la preTonne 4 poxsedc, a I'dtat 
25 deplie*. un diametre inteneur de I 'ordrc de 1 40mm d un diametre exteneur de I , ordre de 
184mm. tandis que la portion elargic 40 possede nn diametre inteneur de rordre de 
188mm et un diamine exteneur de t'oidrcdc 236mm. 

Us portions 30-32 ct 31 du puits ont dea diamettes mc^w de Tordre de 
197mm et de 244,5mm, rcspeenvement 
30 1^ longueur dcsdirrert^tioncom 

simpU titre indicatif, la longueur d*une preTorrae pcut fcnx de rordre de 50&& 

La figure 16 represente un puits F chemise* par un ensemble de trois 
troncons 2A, 2B et 2C aboutes et cunentes. 

U figure 17 represent sc*e^ 
35 qui permetde mcttrc ca ocuvre le precede* scion I' invention. 
Siircette figure, bt&e deputed 
tallique (chassis) 100 entourant la tete de puits. 
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Cede structure 100 pone un iojecteur 101 pourvu d'un sabot d'appui 102, 
etserrotastmpcrteretapuuTO 

le pints ou retire* de cctai-ti ; die « trouve a raplooftdcrentrecdupuits. 

On a design* par la inference 54 un tambour dc stackage sur kqud est 
5 cnrouiecUjxeTc«ii>e;elketf 

La reTerence 540 desigac un saboc de support et de giridage de la prtfonne 

arentreedapuits. 

Les reTe^era 56 et 57 designed 
et stock* respective*** Us tubes "CT. M (Coiled Tubing) 560 et 5. 
10 Le tube 560 sen a supporter et a deplacer Toutil de focagc ; le tube 5 

(comme deja <fit) sett a supporter la prtforme. I amener lea flutdes de gonflage et de 
dmentaiioo a la preTonne, et a U connecter a une ioun* dc courant electrique (pour U 

potymenaaaon). 

L'dectricin* est fouraie par un generaleur flcctriquc SB. 
15 UntferenceSPdeagneuaecabiiiede 

De mariere classique, Pentiee du puits a forer est ini tiaJcmenl garaie d'un 

cuvetage 550. 

Le trepan 1 est adapt** i ('extremitd du tube 560, lequel est derail* du 

timbcwrteepceur 56. stipp^ 101 

20 (voir figure 18). 

On {accede slora au forage du trou. dc forme Aagec 3 , destine' a recevoir 

\c premier troocoa (figure 19). 

AjttH miac en place de la preTorme, eimentanon et mise au rood, et eafin 
polymerisation in sttu dc celk-o, via un conducteur dectrique 580relidau geadraieur58 > 
25 on letireleooodutt central (50), k to 

54 (vide) sur laquellc toil initialement stockee U preTorme (figure 20). 

U preTorme se trouve abou^<fcrn^ 

On deTait ensutle les connexions bydrauliquc et electhque avec la 
preTonne, on installe et on scelle de manierc etanchc Butour dc la tete du pd its un 
30 appareiBage de securiU ad-hoc A. ceci par una teebnique convcntiotmelk (figure 21). 

A Taide de TouUI de coupe 501, port* par le tube 5. on decoupe les 
manchons d'etanchei haiitetbas (figure 22). 

L'ltape nnvaate coasts te * forer la section suivante, pour obtenir un trou 
6*g6 3 proioogeant le troocpo 2 (figure 23). 
35 Enswtc, on calibre les diametres et on venfie ralignement du troncon 2 et 

du trou 3. 1 1'aide d'un instrument appropric* 1000 (figure 24). 

On met en place une nouvdle preTorme (figure 25). 
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On b tot descend* dans Ic puiu, et oo U positiooncconveaaWcinentdans 
le trou 3. On U connects au tube 5. el on precede au gooflage, a la camcalation. eta la 
polymenaatioo (figure 26). 

On retire le conduit central 50, qu'on remonte et qu'on caroulc aur le 
tambour recepteuT54(rigurt»27et28). 

On suspend roublde coupe 501 au tube 5, et on le <k$c«ad pair d6cou^ 
les manchons d'extremite* (figure 29). 

On obtient ainsi dmx uoncons rigidea aboutes 2A. 2B (figure 30). 
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REVINDICATIONS 



1. Procede" pour forcr ci chemiscr un puits, notammenr un puits dc forage 
p^troiier, au moyen d'ua ensemble dc troncocs tubulaires - ou prtTorrats - similaires, 
imdtlemeni saupies, aptes it *tre repiiees longitutfnakinent sur elles-mfcmes pour toe 
introduiies dam le ptriis, puts a fctre depliecs radialement sous I'cfTct d'onc press too 

5 interne pour prendre une forme cyundrique, et enfln a tore rigidi fions in situ par polymeri- 
sation dc leur paroi, reocombrement transversal dune preTorme reptiee e*tam de 
dimension nuudmale scasibtemcai iaferieure a sea diametre intern a retai deplil, et 
lesdites preTonnes (4) postttaot one portion d'extremite* (40) dont le dismetre - aprt* 
defilement - est tegeremeal supeneur a ceiiti du reste de U preT orme. ce qui permet leur 
10 jonction bout-a-bout par embottement awe recouvrement de ladite portion d'extremite* 
(40), caracterisc* par le fait Que, un premier tronoon (2) ayant e*ttt mis en place du cOtc* de 
I 'entiee du purits, sa portion d'extrcmi te~ dargic (40) tournec vets le baa, 

a) on fait passer axJalement, de haul en bas a travers ledit troocoo (2). un 
ouol de forage ( 1), et on fore au-dessous et dans le prolong meat de oe trancon (2) un 

15 trou (3) dc forme e< de profoodeur adapters pour recevoir le troo^on suivmm ; 

b) on retire I'ouHl defowge(l) ; 

_i c) on introduit una prfforme (4). a 1'etat replie, alinteneurdu puits en U 

faiaant Havener le trooooo (2) deja en place, et on la positionae cooveoaWement a 
rinterieur du trou (3), sa portion d'extremitc* haute venant se placer a rinterleur de la 
20 portion d'extrfmiJe* flargkj (40) du trancon (2) ; 

d) oo tnmdutt un ctment niride (6) au food du trou (3), aulour de la 
portion d'extremite* basse de la preTorme ; 

e) oo introduit un fluide sous pression (8), de densite* stiparieure a la 
density du dment (6), a rinteneur de la preToone (4) afin de la dcplier radialement, 

25 progTcssivetneol de bas en haut, en refouiant le dment, egalement de bas en bant, autour 
de la prfforroc, centre la paroi du trou (3) ; 

Qtoutcnmaiatenant laprcTonnc sous pression interne, on en chaufle la 
paroi pour la polymeYiscr ; 

g) le ciment ayant pris, et U prcTorme ayant durd pour consumer un 
30 troocon tubulaire rigide de dtemisage (4*). on retire abatement les outillages ayant aervi 

augc«nageetak|x» , ym^ 

h) oo reitere roperauon pour les tronoons sirivants, jusqu'h obtcnir la 
longueur dc puits chemise' souhaitee. 

2. Precede* sdon revendication 1, caracterise* par le fait qu'oo utilise un 
35 ouul de forage (1) du genre trepan, apte a occuper sdecti vcmenl tnasttaUdecooiractioo 
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radial e, a savoir un prtmier toi d'eficombctment minimal, lui permeaant de puscr a 
rinieneur du 1100900 (2) deja en place, un aeoood etat, d'encombrcment intermedial re, 
pour Ic forage de la parte pri act pale (30) du trou (3) et ua troisieme etat, d'encorabrement 
maximal, pour k forage dc la parte (3 1) du trou (3) destine* a itcevoir la portion elargie 

5 deUpreTorme(4). 

3 . Prooftd* aelon la revcndkatioo 1 ou 2, caxactenee* pox le fait que ledit 
outillage comprend une ttte (51) a double valve (52. 53) pUcce en parte basse de la 
prtforroe (4). et apte a distribuersaectivement un flmde de gorJUge (8) a rintMcur dc U 
orcT onne (4) el on ament Rude (7)ire«6ieardeoeflo<i. 

10 4 . Installation de forage et de chemisage. destinee a la mise en oenvre du 

proce^ seloo ruK des revemUca^ 
t&edupuits: 

- une bobine (54) de stockage et de reception, a V6m enroule\ de ladite 

preTorrae(4) ; 

15 - une tte (101) surplombant Peutree (55) du puits, apte a pennenre le 

guidage et IMmroducricm dans le puits de la pretotme (4) et des differtnU outUlages 
aervanlau forage du puits aiosi qu'au gooHage eiaUpolyTn^n^onde UpreY(Xxne ; 

- des bobines (56, 57) de stockage a Tetal enrrjuM de tubes mtelliqucs 
eTastiqucmcni deYorntabks (560, 5) apces afairedescendreet reinonter lesdits outillaga 

20 daas le puits, l*un (5) de ces tubes con tenant un dole servant a I 'alimentation de la 
prcTonneencouimnielectrique ; 

- un genefitcwr de courant Occtrioue (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 

57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IS SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that arc similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which — after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step 0 above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxial ly abutted sections; 

- figure 17 is a diagrammatical view showing the different matcnals that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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4 I 

i 

To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 
drilled. ! 

For this purpose, a drill bit I is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its ! 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part : 
1 2 of the tool has a working diameter substantially equal to D. i 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged ! 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Vi in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 
The tool 1 has additional cutting devices 11 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 

put in place. ! 
25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is j 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 
reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 
diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "CT." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6 A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
1 5 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between clastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 5 1 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4 J (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms— that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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